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Section A
1. What particles of similar mass occur in the atomic nucleus? What is meant by the terms: atomic number, mass number, isotope?
Neutron and protons can be found in an atomic nucleus and have similar mass.
The atomic number is the number of protons in a nucleus
The mass number is the number of protons and neutrons in a nucleus
Isotopes are atoms with the same number of protons in the nucleus but with a different number of neutrons.

2. The element magnesium (Mg) has atomic number 12, and chlorine (Cl) has atomic number 17. What are their electronic structures? What are their likely valences, and why? What, therefore, is the formula of magnesium chloride?
Magnesium: 1s2, 2s2, 2p6, 3s2. This leaves 2 valence electrons and a valency of 2 as it has to lose 2 electrons to become stable.
Chlorine: 1s2, 2s2, 2p6, 3s2, 3p5. This leaves 7 valence electrons and gives chlorine a valence of 1 as it needs to gain one electron to become stable.
The formula for magnesium chloride is therefore MgCl2 as each magnesium needs to lose 2 electrons but each chlorine can only take one, therefore 2 chlorine atoms are needed for each magnesium atom.

3. Sketch and label the atomic orbitals found in an atom of magnesium.
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4. What is meant by the heat of formation of a chemical compound?
What is meant by the terms endothermic and exothermic to describe a reaction?
Write a balanced equation for the reaction of aluminium (Al) with copper (II) oxide (CuO) to form aluminium oxide (Al2O3), and copper.
If the heat of formation of CuO is -155.8 kJ/mol and of Al2O3 is -1675.7 kJ/mol, calculate the heat of reaction.
The heat of formation of a chemical compound is the amount of thermal energy absorbed from or lost to the environment when 1 mole of the compound is formed from its constituent parts in standard conditions.
An endothermic reaction has positive enthalpy change, meaning heat is absorbed from an external source during the reaction.
An exothermic reaction has a negative enthalpy change and heat is lost to the environment during the reaction.
To balance the equation there must be the same number of each element in the products and reactants therefore the balanced equation is:
	3CuO + 2Al = Al2O3 + 3Cu
Elements don’t have a heat of formation as they are not compounds therefore the initial equation looks like:
Balanced equation: 3CuO + 2Al = Al2O3 + 3Cu
Heats of formations: 3(-155.8) + 0 = -1675.7 + 0
-467.4 + 0 = -1675.7 + 0
Heat of reaction = sum of heat of formations of products – sum of heat of formations of reactants
= -1675.7 – (-467.4)
Heat of reaction = 1208.1kJ

5. What is the origin of the lines observed in the infrared spectra of chemical compounds? What are the main lines found in the spectra of methane (CH4) and ethane (C2H6)? (5 marks)
As electrons gain energy, by absorbing a photon through the photoelectric effect, they can move up orbital levels. As they lose energy, they return to their ground state level either in one jump or in multiple stages. Each of these jumps down absorbs or releases a photon with a specific energy corresponding to a specific wavelength governed by the equation E = hv.
The difference in energy between the orbitals of the electrons is identical for each atom of an element and unique to each element. This creates bright lines in emission spectra, where photons are emitted, and dark lines in absorption spectra where photons are absorbed. 
The main spectral lines for methane and ethane correspond with the lines for carbon and hydrogen.

6. What volume of Oxygen (measured at standard temperature and pressure) is produced by the complete thermal decomposition of 1 g sodium chlorate, NaClO3 (molecular weight 106.4)
Each mole of a gas measured at standard conditions is 22.41 litres.
Moles = grams/molecular weight
1g of sodium chlorate is 1/106.4 = 0.0094 moles
0.0094 moles * 22.41litres = 0.2 litres of products following thermal decomposition
Atomic weight of oxygen = 8, but oxygen is a di-molecule so the molecular weight of oxygen = 16
Molecular weight of O3 = 3* 16 = 48
Ratio of oxygen in products = 48/106.4 = 0.45
0.2 * 0.45 = 0.09
So there are 0.09 litres of oxygen after the thermal decomposition


Section B
1. Carbon forms a vast number of compounds with hydrogen. 
Describe and sketch the structures of the nonaromatic alkane (CnH2n+2), alkene (CnH2n) and alkyne ((CnH2n-2)) hydrocarbon series showing the various hybridisations of the carbon orbitals.
Describe the structure of the simple aromatic hydrocarbons benzene and toluene (methylbenzene). Describe the effect of an introduced substituent (e.g. a nitro group) on the position of subsequent substitution in the benzene ring

2. Discuss the properties, chemistry and some uses of phosphorus and its compounds.
Phosphorus is a non-metal element with atomic number 15; meaning each atom has 15 protons in its nucleus. It has an electron configuration: 1s2, 2s2, 2p6, 3s2, 3p3 which leaves 5 valence electrons and means it is highly likely to react with other elements to form compounds naturally.
Phosphorous is an allotrope element; meaning that is has several different forms each with a unique heat of formation. The most common allotropes are white and red, with white being the most reactive of the allotropes, but other forms such as black can also be made. It is a solid at room temperature but has relatively low melting and boiling points making it very reactive. 
White phosphorous can decay into the more stable form of red phosphorus naturally but the process can be sped up by heating white phosphorus. Heating white phosphorus under high pressures can lead to the formation of black phosphorus which is an even more stable allotrope.
Historically, white phosphorus was used in strike anywhere matches but phosphorus was toxic to the factory workers, leading to the condition colloquially named “Phossy Jaw” where the bones would break down from exposure to the toxic fumes. The matches were easily accidentally lit killing many people, particularly women when their clothing caught fire. Red and white phosphorous is still currently used, with an oxidiser, as a screening smoke or signalling smoke due to its high gaseous yield when burned. It is also still used in fertilisers (H3PO4) and household products such as whitening compounds for detergents and toothpastes.

3. What is meant by the heat of formation of a chemical compound, and what is its significance for the stability of the compound? Provide an example. Methane, CH4, cannot be produced with any purity by reaction of hydrogen with carbon, so the heat of formation cannot be measured directly. Calculate the value from the following data.
The heat of formation id the energy change when one mole of a compound is formed, in standard conditions, from its products. The lower the heat of formation, the more stable a compound is likely to be as it has less potential energy generated from the difference between the energy of the reactants and products. So endothermic reactions are more unstable than exothermic reactions. For example, carbon dioxide, which is a stable component of the air has a heat of formation of -396.5kJ/mol and carbon monoxide, which is less stable and often reacts with extra oxygen to become carbon dioxide has a higher heat of formation of about -100kJ/mol.
From the given reactions we have
CH4 + 2O2 = CO2 + 2H2O
As we know elements have a heat of formation of 0 and that a heat of reaction can be reversed, we know that the reaction for methane from CO2 and 2H2O has a heat of reaction of +883.6.
CO2 + 2H2O = CH4 + 2O2
We know the heat of formation for CO2 and 2H2O which are now the reactants and -396.5 and -566.9 respectively.
So; using the formula:
the heat of reaction = sum of heats of formation of products – the sum of the heats of formation of the reactants
and rearranging for the heat of formation of the product (CH4):
the heat of reaction + the sum of the heats of formation of the reactants = sum of heats of formation of products
+883.6 + (-396.5 – 566.9) = heat of formation of methane
883.6 – 963.4 = -79.8kJ/mol
Pg. 2
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